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(54) Vehicle-mounted device with sleep function for use in road-to-vehicle communication 
system 



(57) There is disclosed a vehicle-mounted device 
(30) with a sleep function for use in a road-to-vehicle 
communication system. After having indicated a switch- 
ing period T 1 and reception frequencies F1 , F2 to a fre- 
quency switching controller (2), a controller (1) stops 
operation of an internal counter, and enters a sleep 
mode until it cancels the sleep mode in response to a 
detected signal from a receiver (3). While a vehicle with 



the vehicle-mounted device (30) is running outside of a 
communication range of a road radio unit installed at a 
toll gate or the like, the frequency switching controller 
(2) independently performs a frequency search process 
on an RF module (4), and the controller (1) is in the 
sleep mode. Therefore, the vehicle-mounted device (30) 
has a relatively low power requirement. 
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Description 

[0001] The present invention relates to an elec- 
tronic toll collection (ETC) system for an intelligent 
transport system (ITS). 

[0002] As shown in Fig. 1 of the accompanying 
drawings, an ETC system is a road-to-vehicle communi- 
cation system for collecting expressway tolls from run- 
ning vehicles via radio communications between a 
vehicle-mounted device 50 on a vehicle and a road 
radio unit 100 installed in a toll gate. A conventional 
radio communication process which is carried out by the 
vehicle-mounted device 50 on the vehicle that has 
entered an expressway, for radio communication with 
the road radio unit 100 in the ETC system will be 
described below. 

[0003] As shown in Fig. 1 , the road radio unit 100 in 
the ETC system normally uses two frequencies, i.e., fre- 
quencies F1, F2. These two frequencies F1, F2 are 
used to avoid radio wave interference between plural 
lanes at entrance and exit toll gates. The frequencies 
F1 , F2 are assigned respectively to adjacent ones of the 
lanes, and the same frequency is not assigned to suc- 
cessive ones of the lanes. The road radio unit 100 has a 
narrow communication range in order to avoid radio 
wave interference between the lanes. 
[0004] In order for the vehicle- mounted device 50 to 
effect normal radio communications with the road radio 
unit 100 at a toll gate or lane of an expressway, the vehi- 
cle-mounted device 50 needs to perform bi-directional 
data communications with the road radio unit 100 within 
a short period of time of several 1 00 msecs. in which the 
vehicle-mounted device 50 runs into and out of the nar- 
row communication range of the road radio unit 100. 
Therefore, the vehicle-mounted device 50 has to detect, 
at a high speed, that it enters the communication range 
of the road radio unit 100. However, since the vehicle- 
mounted device 50 cannot recognize, in advance, the 
lane along which the vehicle enters a toll gate, the vehi- 
cle-mounted device 50 is unable to know, in advance, 
which of the frequencies F1 , F2 the carrier transmitted 
from the road radio unit 100 is using. Consequently, the 
vehicle-mounted device 50 carries out a frequency 
search process for switching between the frequencies 
F1, F2 at a high speed so that the vehicle-mounted 
device 50 can detect the carrier of either one of the fre- 
quencies F1, F2 transmitted from the road radio unit 
100 whenever the vehicle-mounted device 50 may enter 
the communication range of the road radio unit 100. The 
vehicle-mounted device 50 carries out the frequency 
search process at all times even if it is outside of the 
communication range of the road radio unit 100. 
[0005] An arrangement of the conventional vehicle- 
mounted device 50 will be described below with refer- 
ence to Fig. 2 of the accompanying drawings. As shown 
in Fig. 2, the conventional vehicle-mounted device 50 
comprises a controller 41, a receiver 43, and an RF 
(Radio Frequency) module 4. 



[0006] The controller 41, which comprises a pro- 
grammed CPU, exchanges data with the receiver 43 
and the RF module 4 via a CPU bus line 5. The control- 
ler 41 also controls the RF module 4 to perform a fre- 

5 quency search process to switch between the received 
frequencies F1, F2 at a constant switching period T v 
When the controller 41 detects the reception by the RF 
module 4 of a carrier sent from the road radio unit 100 
in response to a level-detected signal 10 from the RF 

10 module 4, the controller 41 stops the frequency search 
process, and performs road-to-vehicle communications 
with the road radio unit 100 at a fixed frequency. 
[0007] The receiver 43 detects a unique word from 
demodulated data 8 from the RF module 4 and checks 

is the demodulated data 8 from the RF module 4 with a 
CRC (Cyclic Redundancy Check) code, and sends the 
detected result via the CPU bus line 5 to the controller 
41. 

[0008] The RF module 4 has a local oscillator with a 

20 frequency synthesizer. The RF module 4 receives the 
carrier sent from the road radio unit 100 at a frequency 
indicated from the controller 41 via the CPU bus line 5, 
and demodulates the received carrier. The RF module 4 
has a level detector which outputs a level -detected sig- 

25 nal 10 to the controller 41 when it detects the carrier 
sent from the road radio unit 100. 
[0009] Operation of the conventional vehicle- 
mounted device 50 will be described below with refer- 
ence to Fig. 2. When the controller 41 is turned on, the 

30 controller 41 performs the frequency search process to 
switch between the received frequencies F1 , F2 at the 
constant switching period T 1 (see Fig. 3 of the accom- 
panying drawings). In the RF module 4, the frequency of 
the local oscillator is controlled so as to be able to 

35 receive the frequencies F1 , F2. The switching period T 1 
is generated by an internal counter of the controller 41 , 
and is set, in advance, to a suitable value according to 
the frame period of the carrier, which is of a time-divi- 
sion frame structure, sent from the road radio unit 100. 

40 [0010] Operation of the conventional vehicle- 
mounted device 50 as the vehicle enters the communi- 
cation range of the road radio unit 100 will be described 
below. It is assumed, for example, that the vehicle 
enters the communication range of the road radio unit 

45 1 00 which is sending the carrier at the frequency F1 . 
[0011] When the vehicle with the vehicle-mounted 
device 50 enters the communication range of the road 
radio unit 100, the reception frequency of the vehicle- 
mounted device 50 is switching alternately between fre- 

50 quencies F1, F2 at the constant switching period Tj 
according to the frequency search process. When the 
reception frequency of the vehicle-mounted device 50 is 
tuned with the carrier frequency F1 sent from the road 
radio unit 100 as a result of the frequency search proc- 

55 ess and the level detector in the RF module 4 detects 
the carrier from the road radio unit 100, the RF module 
4 sends a level-detected, signal 10 to the controller 41. 
The controller 41 stops the frequency search process, 
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and fixes the reception frequency of the RF module 4 to 
F1. 

[001 2] Subsequently, the carrier, which is of a time- 
division frame structure, sent from the road radio unit 
100 is demodulated by the RF module 4 of the vehicle- 
mounted device 50. The receiver 43 detects a unique 
word from demodulated data 8 from the RF module 4 
and checks the demodulated data 8 from the RF mod- 
ule 4 with a CRC code. The detected result is supplied 
to a reception management area in the receiver 43. The 
controller 41 monitors the reception management area 
via the CPU bus line 5. When the carrier is received well 
in as many successive frames as a back guard count 
(N1), the controller 41 judges the reception condition as 
the establishment of frame synchronization. After the 
establishment of frame synchronization, road-to-vehicle 
bi-directional data communications are carried out 
according to a time-division multiplex communication 
process. 

[0013] When the vehicle-mounted device 50 fin- 
ishes the bi-directional data communications and the 
vehicle runs out of the communication range of the road 
radio unit 100, the controller 41 attempts to detect a 
reception failure in the reception management area in 
the receiver 41 . When the carrier is not received well in 
as many successive frames as a forward guard count 
(N2), the controller 41 judges the reception condition as 
the lack of frame synchronization. The controller 41 
then restarts the frequency search process and enters a 
steady state. The above communication procedure is 
applicable in the communication range of the road radio 
unit 100 both at a toll gate and in a lane. 
[0014] The vehicle-mounted device 50 of the con- 
ventional road-to-vehicle communication system 
repeats the frequency search process in order to detect 
the carrier sent from the road radio unit 100 at all times 
even outside of the communication range of the road 
radio unit 100. This is because the vehicle-mounted 
device 50 should start road-to-vehicle communications 
immediately when the vehicle-mounted device 50 
enters the communication range of the road radio unit 
100. Therefore, the controller 41 in the vehicle- mounted 
device 50 continues the frequency search process to 
switch between the received frequencies while operat- 
ing the internal counter at all times after being initial- 
ized. 

[001 5] In the above ETC system, since the commu- 
nication range of the road radio unit 1 00 is relatively nar- 
row, the time spent for communications when the 
vehicle passes through a toll gate or the like is several 
100 msecs. On the other hand, the time in which the 
vehicle-mounted device 50 moves outside of the com- 
munication range of the road radio unit 100 ranges from 
several minutes to several tens of minutes depending 
on different conditions. 

[0016] While the controller 41 in the vehicle- 
mounted device 50 may perform road-to-vehicle com- 
munications only for several 100 msecs., the controller 



41 thereby needs to operate at all times because of the 
frequency search process carried out at all times. With 
the controller 41 comprising a programmed CPU, the 
switching period T n is counted by the internal counter 
s thereof, and hence the controller 41 has a large power 
requirement. 

[0017] Accordingly, the power consumption by the 
vehicle-mounted device 50 in its entirety remains 
essentially the same when the vehicle-mounted device 

10 50 performs road-to-vehicle communications with the 
road radio unit 100 and when the vehicle-mounted 
device 50 carries out the frequency search process 
while the vehicle is outside of the communication range 
of the road radio unit 100. Thus, the vehicle-mounted 

75 device 50 causes a wasteful consumption of electric 
power. There has been a demand for lowering the 
power requirement of the vehicle-mounted device 50. 
[0018] It is therefore an object of the present inven- 
tion to provide a vehicle-mounted device which is of a 

20 relatively low power requirement for use in a road-to- 
vehicle communication system. 

[0019] To achieve the above object, a vehicle- 
mounted device for use in a road-to-vehicle communi- 
cation system according to the present invention has an 
25 RF module, a receiver, a frequency switching controller, 
and a controller. 

[0020] The RF module receives and demodulates a 
carrier sent from a road radio unit. 
[0021] The receiver receives demodulated data 
30 from the RF module and outputs a detected signal in 
response to detection of predetermined data contained 
in the demodulated data. 

[0022] The frequency switching controller performs 
a frequency search process to switch between recep- 

35 tion frequencies of the RF module at a preset switching 
period and a plurality of preset reception frequencies. 
The frequency switching controller stops the frequency 
search process when supplied with the detected signal 
from the receiver, and controls the RF module to keep 

40 receiving the reception frequency at the time the 
detected signal from the receiver is supplied. 
[0023] The controller sets the switching period and 
the reception frequencies in the frequency switching 
controller. Thereafter, the controller enters a sleep 

45 mode after elapse of a predetermined time. In response 
to the detected signal, the controller cancels the sleep 
mode and performs road-to-vehicle communications 
with the road radio unit using data received by the 
receiver. 

so [0024] While a vehicle with the vehicle-mounted 
device is running outside of a communication range of 
the road radio unit which is installed at a toll gate or a 
lane of an expressway, for example, the frequency 
switching controller independently performs the fre- 

55 quency search process on the RF module, and the con- 
troller is in the sleep mode. Therefore, the vehicle- 
mounted device may have a relatively low power 
requirement. 
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[0025] The above and other objects, features, and 
advantages of the present invention will become appar- 
ent from the following description with reference to the 
accompanying drawings which illustrate an example of 
the present invention. 

Fig. 1 is a block diagram of an ETC system; 
Fig. 2 is a block diagram of a conventional vehicle- 
mounted device; 

Fig. 3 is a diagram illustrative of the operation of an 
RF module for switching between received frequen- 
cies; 

Fig. 4 is a block diagram of a vehicle-mounted 
device according to the present invention; and 
Fig. 5 is a diagram of a frame arrangement of a car- 
rier from a road radio unit. 



[0026] A road-to-vehicle communication system 
according to an embodiment of the present invention is 
similar to the road-to-vehicie communication system 
shown in Fig. 1 except that a vehicle-mounted device 30 
shown in Fig. 4 is employed in place of the vehicle- 
mounted device 50. Those parts of the vehicle-mounted 
device 30 which are identical to those shown in Figs. 1 
and 2 are denoted by identical reference numerals. 
[0027] As shown in Fig. 4, the vehicle-mounted 
device 30 according to the present invention comprises 
a controller 1. a frequency switching controller 2, a 
receiver 3, and an RF module 4. 
[0028] The RF module 4 receives the carrier sent 
from the road radio unit 100 and demodulates the 
received carrier. As with the receiver 43 in the conven- 
tional vehicle-mounted device 50 shown in Fig. 2, the 
receiver 3 receives demodulated data 8 from the RF 
module 4, detects a unique word contained in the 
demodulated data 8, and outputs a detected signal 7 to 
the controller 1 and the frequency switching controller 2. 
[0029] The frequency switching controller 2 com- 
prises a flip-flop circuit or the like. The frequency switch- 
ing controller 2 performs a frequency search process to 
switch between reception frequencies of the RF module 
4 at a switching period T1 and received frequencies F1 , 
F2 which have been set up by the controller 1 via the 
CPU bus line 5. In response to the detected signal 7 
from the receiver 3, the frequency switching controller 2 
stops the frequency search process, and controls the 
RF module 4 to continuously receive the frequency F1 
or F2 received at the time the detected signal 7 is 
applied. 

[0030] The controller 1 is connected to the fre- 
quency switching controller 2 and the receiver 3 by the 
CPU bus line 5. and transfers monitor and control infor- 
mation to and from the frequency switching controller 2 
and the receiver 3. The controller 1 , which comprises a 
programmed CPU. sets the switching period T1 and the 
received frequencies F1, F2 in the frequency switching 
controller 2, and, upon elapse of a certain time T 2 there- 
after, stops its internal counter to enter a sleep mode. 



When supplied with the detected signal 7 from the 
receiver 3. the controller 1 cancels the sleep mode, and 
performs road-to-vehicle communications with the road 
radio unit 100 using data received by the receiver 3. 
5 [0031] Operation of the vehicle-mounted device 30 
according to the present embodiment will be described 
in detail with reference to Fig. 4. 
[0032] When the vehicle-mounted device 30 is 
turned on, the program in the controller 1 starts operat- 
ic ing to initialize the component modules of the vehicle- 
mounted device 30. At this time, the controller 1 controls 
the frequency switching controller 2 via the CPU bus 
line 5 to set up frequency data for the local oscillator in 
the RF module 4 so that the reception frequency of the 
is RF module 4 will be F1 or F2. The controller 1 also con- 
trols the frequency switching controller 2 to set an 
appropriate value of the switching period T 1 for the 
received frequencies, depending on the frame period of 
the carrier, which is of a time-division frame structure, 
20 sent from the road radio unit 100. 

[0033] After component modules of the vehicle- 
mounted device 30 have been initialized, the frequency 
switching controller 2 starts performing the frequency 
search process to switch between the reception fre- 
25 quencies of the RF module 4 at the switching period 
independently of the controller 1 . The frequency search 
process continues until the vehicle-mounted device 30 
enters the communication range of the road radio unit 
100, the reception frequency of the RF module 4 is 
30 tuned with the carrier sent from the road radio unit 1 00, 
and the receiver 3 detects a unique word from the 
demodulated data 8 received from the RF module 4. 
When the receiver 3 detects a unique word, the receiver 
3 sends a detected signal 7 to the frequency switching 
35 controller 2 and the controller 1. Upon arrival of the 
detected signal 7, the frequency switching controller 2 
stops performing the frequency search process. 
[0034] Upon elapse of the time T2 after the initializ- 
ing process, the controller 1 has stopped operating the 
40 internal counter and entered the sleep mode. In 
response to the reception of the detected signal 7, the 
controller 7 cancels the sleep mode, and the program 
thereof starts operating (wake-up mode). 
[0035] The controller 1 which has entered the 
45 wake-up mode starts monitoring the reception manage- 
ment area in the receiver 3 via the CPU bus line 5. The 
reception management area stores a reception history 
for each frame, which comprises time-division control 
information sent from the road radio unit 100 and its 
so reception status. 

[0036] A frame arrangement of the carrier from the 
road radio unit 100 will be described by way of example 
with reference to Fig. 5. 

[0037] Downlink data from the road radio unit 1 00 to 
55 the vehicle-mounted device 30 comprises a plurality of 
frames 21 each comprising control information 22 and a 
pair of MDCs (Message Data Channels) 24^ 24 2 . The 
control information 22 contains CRC 23. Uplink data 
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from the vehicle-mounted device 30 to the road radio 
unit 100 comprises a pair of MDCs 25 1( 25s- 
[0038] The time-division control information is used 
in a function to generate reception frame timing in the 
receiver 3. Immediately after having entered the wake- s 
up mode, the controller 1 confirms the reception status 
of a first frame. If a unique word is detected and a CRC 
is performed well, then the controller 1 increments a 
program-generated back guard counter by "1 The con- 
troller 1 repeats the same operation after having 10 
received a second frame. When the CRC is performed 
well successively Nl times, the controller 1 judges the 
reception condition as the establishment of frame syn- 
chronization. The value of N1 is arbitrarily set up by the 
radio system, and represents a back guard count is 
[0039] After the establishment of frame synchroni- 
zation, data is transmitted from the road radio unit 100 
to the vehicle-mounted device 30 using the time slot of 
MDC 24 1 or MDC 242 shown in Fig. 5, and data is trans- 
mitted from the vehicle-mounted device 30 to the road 20 
radio unit 100 using the time slot of MDC 25 1 or MDC 
25a. 

[0040] When the bi-directional data communica- 
tions are finished and the vehicle with the vehicle- 
mounted device 30 runs out of the communication 25 
range of the road radio unit 100, the vehicle-mounted 
device 30 is unable to receive the carrier from the road 
radio unit 100. The controller 1 detects a reception fail- 
ure based on a unique word detection failure or a CRC 
error in the reception management area. When the 30 
reception failure continues for as many successive 
frames as N2, the controller 1 judges the reception con- 
dition as the lack of frame synchronization, and initial- 
izes the frequency switching controller 2. The initialized 
frequency switching controller 2 starts performing the 35 
frequency search process again. The controller 1 enters 
the sleep mode after elapse of the time T 2 measured by 
the program therein. 

[0041] The power requirement of the frequency 
switching controller 2 which comprises a flip-flop circuit 40 
or the like is smaller than the power requirement of the 
controller 1 with the internal counter. Therefore, the 
power requirement of the vehicle-mounted device 30 in 
the road-to-vehicle communication system according to 
the present invention is smaller than the power require- 45 
ment of the conventional vehicle-mounted device 50. 
[0042] The value of the switching period may 
need to be rechecked when a service provided by road- 
to-vehicie communications is added and the frame 
period of the carrier sent from the road radio unit 100 is so 
varied, for example. In the vehicle-mounted device 30, 
therefore, the switching period J-\ set in the frequency 
switching controller 2 by the controller 1 is not of a fixed 
value, but may be varied by the program installed in the 
controller 1 . 55 
[0043] In the above embodiment, the two carrier 
frequencies F1, F2 are used between the vehicle- 
mounted device 30 and the road radio unit 100. How- 



ever, the principles of the present invention are also 
applicable to three or more carrier frequencies. 
[0044] While a preferred embodiment of the present 
invention has been described using specific terms, such 
description is for illustrative purposes only, and it is to be 
understood that changes and variations may be made 
without departing from the spirit or scope of the follow- 
ing claims. 

Claims 

1. A vehicle-mounted device mounted on a vehicle for 
use in a road-to-vehicle communication system for 
radio communications with a road radio unit dis- 
posed on a road, said device comprising: 

an RF module for receiving and demodulating 
a carrier sent from the road radio unit; 
a receiver for receiving demodulated data from 
said RF module and outputting a detected sig- 
nal in response to detection of predetermined 
data contained in the demodulated data; 
a frequency switching controller for performing 
a frequency search process to switch between 
reception frequencies of said RF module at a 
preset switching period and a plurality of preset 
reception frequencies, stopping said frequency 
search process when supplied with the 
detected signal from said receiver, and control- 
ling said RF module to keep receiving the 
reception frequency at the time the detected 
signal from said receiver is supplied; and 
a controller for setting the switching period and 
the reception frequencies in said frequency 
switching controller, thereafter entering a sleep 
mode after elapse of a predetermined time, 
and canceling the sleep mode in response to 
said detected signal and performing road-to- 
vehicle communications with the road radio unit 
using data received by said receiver. 

2. A vehicle-mounted device according to claim 1, 
wherein said predetermined data contained in the 
demodulated data comprises a unique word. 

3. A vehicle-mounted device according to claim 1 or 2, 
wherein said road-to-vehicle communications per- 
formed with the road radio unit by said controller 
comprise time-division multiplex communications 
using one frequency for uplink and downlink com- 
munications. 

4. A vehicle-mounted device according to claim 1 , 2 or 
3. wherein said switching period set in said fre- 
quency switching controller by said controller is var- 
iable. 
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